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SECTION I
INTRODUy i ION

BACKGROUND

A research and development program at NAVTRAEQUIPCEN has taken the
initial steps toward developing an automated LSO training system. This
work has been documented by Breaux (1980). As part of this program, a
report by Hooks, Butler, Gullen, and Petersen (1978) presented a
preliminary functional design for an aircraft-independent (multiple
aircraft types) automated LSO training system. The design concept
called for a stand-alone training system with a computer driven visual
display of the approaching aircraft and related cues, automated speech
recognition of LSO trainee voice calls, a pilot/aircraft model
interacting in real-time with LSO calls, automated performance
measurement, and syllabus eontrol. This concept for an LSO training
system (LSOTS) is being advanced in two studies for NAVTRAEQUIPCEN, the

present report by Canyon Research Group, Inc. and another by Hooks and
McMurry (in press).

Background information relevant to LSO training can be obtained
from observation of the LSO Reverse Display (LSORD), an add-on
capability to the A-7 Night Carrier Landing Trainer (NCLT). The LSORD
provides a view of the NCLT simulated aircraft approach as seen from the
LSO platform. While this LSO training device has some limitations, it
appears to be a valuable tool for LSO training (Hooks and McCauley,
1980). It is aircraft dependent (A-7 only) and requires a pilot to fly
the NCLT, except for a limited number of canned (recorded) approaches.
Although some beneficial LSO training can be achieved with relatively
inexperienced pilots flying the NCLT, a highly experienced pilot/LSO is
required to optimize the training effectiveness of the LSORD. Such a
pilot is capable of flying predefined approach profiles and
demonstrating various pilot tendencies to support LSO training.

An instructor LSO must play a very active role to achieve training
with the LSORD. He must set up the initial conditions for each
approach, define the task, provide instruction, initiate the approach,
assess the trainee's performance, provide performance feedback, and
select the next task.

Two skilled people are required, therefore, to support LSO training
in the LSORD - an instructor LSO and an experienced pilot. The lack of
ready availability of such high-level personnel to support the LSORD
almost certainly reduces its frequency of use. This is particularly
true at NAS Lemoore, where fleet squadrons and a Fleet Replacement
Squadron (FRS) are located. At NAS Cecil Field, the LSORD is used
regularly by the LSO Phase I School as a part of the curriculum. For
this application, two instructor LSOs are used to operate the LSORD.
There is little doubt that an LSO traihing system which did not require
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full-time attendance of a pilot and an instructor would be more readily
available and easier to schedule at any location. Furthermore, an LSOTS

capable of simulating all fleet aircraft would serve the needs of the
entire LSO community.

The LSOTS concept for LSO training seeks to reduce the instructor
workload by automating many of the instructor functions as well as
eliminating the need for a human pilot and providing the capability to
simulate multiple aircraft-types.

INSTRUCTOR MODELS IN AUTOMATED TRAINING

Advances in automated voice technology have opened the door to new
possibilities in the design of training systems (Breaux and Goldstein,
1975; Breaux and Grady, 1976). Many instructor functions can be
automated, freeing the human instructor from mundane and repetitive
tasks, and allowing him to function as a subject-matter expert, training
supervisor, and instructional manager. Some of the instructor functions
amenable to automation are trainee performance measurement, syllabus
advancement control, task difficulty selection, and maintenance of
trainee records. An automated instructor model can aid the human
instructor by providing him with rapid access to summaries of trainee
performance trends, and with information to manage the subsystems for
problem presentation, performance measurement, and syllabus advancement.

The importance of these functions in an automated training system
is clear. A recent study on instructor model characteristics emphasized
their importance by stating: "In the instructor model, which is the
control Tlogic of the system, lies the success or failure of the
automated training system itself” (Chatfield, Marshall, and Gidcumb,
1979, p.5). Further work on the characteristics of instructor models in
voice-based training system has been reported recently by Chatfield,
Klein, and Coons (1981). A robust instructor model is necessary for an
effective automated LSO Training System.

STUDY OBJECTIVES

The major objectives of the present study were: 1) to identify the
functions necessary in an automated LSO instructor model to provide
information to the human instructor, maintain trainee records, and
manage the subsystems for performance assessment, syllabus control, and
task/problem generation; 2) to develop a model of the LSO instructor
that incorporates these functions; 3) to develop a functional design for
a software model that can utilize a pilot/aircraft mode! for generating
instructional tasks (the pilot/aircraft model is reported in Hooks and
McMurry, in press); and 4) to generate an LSO training requirement data
base for use by the instructor model.
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APPROACH

A top-down approach was used in identifying LSO instructor model
functions. The major functions necessary to automate instructor aiding,
performance assessment, and syllabus decisions were identified through
review of LSO training literature, analysis of LSO training
requirements, and interviews with the LSO Training Model Manager and his
staff. Additional information has become available through the LSO

survey data, collected by Hooks and McMurry (in press) in support of the
development of the pilot/aircraft model.

Canyon views the present project as providing the link between the
operational/training problem and the training system design
specification. The product of this project is intended for use by a
systems design team. The design team ideally will have both
training/instructional specialists and systems design engineers. This
design team concept is recommended so that the training system
development can benefit from the combined expertise stemming from
differing backgrounds. The design team can use the results of the
present study and the pilot/aircraft model study as the functional
definition of the LSO training system. This definition will require
fugther elaboration of hardware, software and courseware to develop the
LSOTS.

The guiding principles for design of the the training system are
that it shall be student-centered, easy to use, and training effective.
By "student centered" we mean that all interfaces and interactions with
the student shall be based on human factors design principles. This
applies not only to the traditional man-machine interfaces but to the
organization, content and sequencing of the instructional interchanges
with the student. Also, we suggest that user acceptance and training
effectiveness will be enhanced by creative courseware development using
humor and terminology appropriate to the LSO community.

Part of Canyon's approach to the LSO Instructor Model development
was to continually be cognizant of the role of automated speech
technology (AST) in the system. A special set of capabilities and
limitations will be introduced by including AST (see Van Hemel, Van
Hemel, King, and Breaux, 1980; and Cotton and McCauley, in press). AST
will enable the system to have a stand-alone, instructorless capability,
eliminating the need for a pilot and an instructor LSO to be present at
all times during training. The AST allows the pilot/aircraft model to
be responsive to LSO voice calls in real-time (eliminating the need for
a human pilot) and it supports or replaces instructor tasks of
performance assessment, performance feedback, syllabus advancement
decisions, task difficulty selections, -task generation, and record
keeping. The important role of AST in the LSO training system is shown
in Figure 1.
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Automated Speech Technology

Computer Speech
Recognition
Computer Speech
Generation

r

Pilot/Aircraft Model
Interact ive with LSO
Calls in Real Time

¢

Instructor Functions
Automated by Speech
Recognition

Performance
Assessment and
Feedback

Syllabus Deci-
sions (Instruc-
tion and Task
Selection)

Record Keeping

Figure 1.

The Central Role of AST in an Automated LSO

Training System.

10




T Y

e ——

NAVTRAEQUIPCEN 80-C-0073-1

While AST enables many instructor and pilot functions to be
automated, it also introduces potential problems in system operation.
These problems are largely based on current limitations of the
technology, such as speech sampling requirements and recognition
accuracy. The implications of recognition errors are important to
consider in a highly connected system where the proper functioning of
several subsystems is dependent on accurate speech recognition.
Particular care must be given to design an "intelligent" system that
minimizes the effect of occasional speech recognition errors.

11/12
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SECTION II
INFORMATION SOURCES

The purpose of this section is to indicate the sources that were
investigated, rather than to present a comprehensive literature review.
Two procedures, manual and automated, were used to search and identify
appropriate written sources. Interviews with the LSO Training Model
Manager added substantial information.

AUTOMATED LITERATURE SEARCH

An automated literature search was conducted on-line at Canyon
using the Lockheed Dialog system. The following data bases were
searched: NTIS, COMPENDEX, PSYCHOLOGICAL ABSTRACTS, INSPEC, SCI SEARCH
and COMPREHENSIVE DISSERTATION ABSTRACTS. The key search words were
Landing Signal Officer, LSO, Carrier Landing, Carrier Aircraft Recovery,
Adaptive Training, Adaptive Instruction, and Instructor Model. A

complete 1listing of the sources identified was given in the Interim
Report for this project.

MANUAL SEARCH

A manual search was conducted for publications and documents in the
following categories: the LSO task; LSO modeling; LSO training;
augo?qted training systems; “automated speech technology; instructor
model ing.

The manual search was aided by the previous experience of two of
the authors who have been involved previously in LSO studies.

The major documents and reports that were reviewed for the project
are cited in the Bibliography.

LSO TRAINING MODEL MANAGER

The LSO Training Model Manager, and his staff at the LSO Phase I
School at NAS Cecil Field, were an important source of information for
the project. Information was obtained from them by direct interview,
telephone exchanges, cassette tapes, and letters. The experience of the
LSO Training Model Manager in the use of the LSO Reverse Display and
other media for training LSOs was directly relevant to the functional
design of the LSOTS. He and his staff provided not only subject-matter
expertise, but insights into LSO training techniques. Finally, they
provided useful critique and review of early versions of the developing
Instructor Model.

13/14
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SECTION III
INSTRUCTOR MODEL PRESENTATION

In accordance with NAVTRAEQUIPCEN format, the results of the LSO
Instructor Model development are presented in Appendices A through C.
Instructor model functions are described in Appendix A, Sections I - III,
in context of the assumed structure and functions of the LSOTS.

Appendix B describes the design of a software mode! intended to
accomplish the Instructor Model functions. This software model was
designed to be compatible with the pilot/aircraft model reported by Hooks
and McMurray (in press).

Appendix C presents a listing of the major concepts and variables in
the LSO's task 1in carrier recoveries. This information represents a
knowledge (data) base that can be used as a preliminary definition of LSO
training requirements. A suggested training syllabus is presented in the
second section of Appendix C by listing the contents of the LSO training
requirements in a prescribed order.

Supplementary information and supporting materials are presented in
Appendix D.

15/16
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SECTION IV
CONCLUSIONS AND RECOMMENDATIONS

The LSOTS concept 1is worth pursuing because of its potential for
effective training without the necessity for an instructor or pilot to be

present.

The LSO Instructor Model (LSOIM) described in the appendices was
designed to provide the following functions:

0

interact with a new LSO trainee to create appropriate records
of previous experience and LSO qualification level

estimate the appropriate syllabus entry point for a new trainee
conduct familiarity exercises and demonstrations
generate voice data collection

brief the trainee (and instructor) on the objectives of a
training session

provide appropriate instruction and tutorials

select appropriate task scenarios and practice problems
measure, assess and evaluate the trainee's performance
diagnose the trainee's strengths and weaknesses

individualize training by adjusting problem difficulty and
syllabus pathway

provide remedial instruction/practice when necessary
maintain records of the trainee's performance
debrief the trainee at the end of a session

provide appropriate information to the human instructor on
trainee progress

The design of the LSOIM is critical to the proper functioning of the
LSOTS. The system to be built from this report must be trainee-centered
(user-oriented), "intelligent," and flexible enough to accommodate changes
in the curriculum. The LSOIM allocates considerable control of the

training process to the trainee and the instructor by giving options and
allowing overrides.

17




W————!—- L St M ol el i Jenniie. aunatic, st atinatie AR SR A A

NAVTRAEQUIPCEN 80-C-0073-1

A data collection capability is recommended to track the selection of
options and overrides by trainees and instructors. This capability can
support subsequent revisions of the system.

The use of LSO terminology and humor in the courseware are advocated.

The development of certain "high risk" instructional technologies
should occur in an independent experimental module. Examples are adaptive
logic, and models for cognitive resource allocation and syllabus
optimization. The operation of this module will be at the option of the
instructor.

The system should be robust with respect to speech recognition errors.
Development of “intelligent" software is recommended to produce acceptable
pilot/aircraft responses based on all available task information, not
solely on acoustic pattern matching of the LSO trainee's voice calls.

Extensive development of performance measurement and evaluation models
will be required. The impact of errors in performance evaluation should be
minimized by allowing the trainee the option to bypass performance feedback
or to challenge it. The trainee must not be subjected to erroneous
feedback or inappropriate remediation based on inaccurate performance
measurement and evaluation.

The LSOTS should be subjected to an extensive in-plant test,
evaluation and revision (TEAR) process (Cotton and McCauley, in press).
This process should include thorough testing of the entire syllabus, using
qualified LSO subject-matter experts. Appropriate courseware revisions and
software debugging should be required before delivery.

The LSO Reverse Display can serve as a test bed for the concepts of
the LSOTS.

The functional design information contained in this report and the
companion volume (Hooks and McMurray, in press) defines the characteristics
of the LSOTS. From this work and previous programs at NAVTRAEQUIPCEN, we
conclude that the technology is sufficiently advanced to develop an
effective system. The system, as defined, is a complex integration of
advanced technologies that will require substantial time to build. We
recommend that an LSOTS be developed and built as defined in order to

enhance LSO training, and ultimately, the safety of carrier landing
operations.

18
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ACRONYMS

Automatic Carrier Landing System

Angle of Attack

Automatic Power Compensation

Automated Speech Technology

Carrier Air Traffic Control Center
Curriculum Control

Carrier Controlled Approach

Cathode Ray Tube

Curriculum (Data File)

Carrier Qualification

Direct Lift Control

Emission Control

Field Carrier Landing Practice

Fresnel Lens Optical Landing System
Fleet Replacement Squadron

Glide Slope

Human Instructor Interface

High Level Language

Instructional System Development
Landing Signal Officer

LSO Head Up Display

Landing Signal Officer Instructor Model
LSO Reverse Display

Landing Signal Officer Training System
Line Up

Manually Operated Visual Landing Aid System
Naval Air Training and Operating Procedures Standardization
Night Carrier Landing Trainer

Naval Training Equipment Center
Pilot/Aircraft Model

Performance Criteria (Data File)

Pilot Landing Aid Television
Performance Measurement and Evaluation
Prerequisite Training Requirements
Simulation and Display Control

Signal Detection Theory

Scenario Generator

Speech Generating Subsystem
Subject-Matter Expert

Speech Reference Data (Data File)
Speech Recognition Subsystem

Training Development Module

Trainee Interface

Trainee Knowledge Data Base (Data File)
Trainee Records (Data File)

Training System Executive
Instructional Variables

Wave Off

Wind Over Deck
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SECTION A-1 - INSTRUCTOR MODEL DESIGN

Al.1 PURPOSE

The purpose of the LSOIM development is to describe the functional
characteristics required of an automated instructor model to support LSO
training in a fully automated LSO training system (LSOTS). The LSOIM
must be combined with the pilot/aircraft model functions described in
another report (Hooks and McMurry, 1981) to complete the functional
description of the LSOTS. The pilot/aircraft model was intended to
provide guidance 1in the implementation of simulation functions for

representation of carrier landing situations in support of automated LSO
training.

The present report is directed toward the automation of instructor
functions in an LSOTS, including instruction, performance assessment,
performance feedback, maintenance of trainee records, and individualized
curriculum control. In addition, the LSOIM covers the functional design
characteristics of the trainee/system interface, the human
instructor/system interface, and the training system executive.

Al.2 LSO INSTRUCTOR MODEL PRESENTATION

The LSOIM presentation in this appendix is divided into three
sections: First, an overview of the instructor model and its role in
the LSOTS will be described in this section (A-I).

Second, the LSOIM Functional Design (Section A-II) describes the
primary functions to be accomplished by the Instructor Model. [t
organizes the functions into system modes of operation. The functional
chgracteristics of the LSOIM are then discussed with respect to each
mode. .

Third, the LSOIM System Design (Section A-IIT) describes the
systems organization of the LSOTS, with emphasis on the Instructor
Model. The relationship between major system elements is presented,
along with the primary program modules of the software organization.
The design features and characteristics of the major system elements are
discussed, including development modules for eventual system
optimization. The automated voice subsystem 1is described in some
detail, because its proper operation is critical to the success of an
automated LSOTS.

Al.3 INSTRUCTOR MODEL OVERVIEW AND LSOTS ASSUMPTIONS

The automated LSOTS is envisioned as a stand-alone system capable
of training one LSO (and possibly two, i.e., a back-up LSO) without the
need for a human pilot or instructor:! Figure A-I-1 shows a possible
layout of the major physical features of the LSOTS. An automated voice
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system (both speech recognition and speech generation) will enable the
trainee to: 1) interact with a simulated pilot/aircraft; and 2) to have
his verbal performance assessed automatically, reducing the need for
continual monitoring by a human instructor. A human instructor would
oversee the training on an intermittent basis, and would have the
capability to interact with the system to supervise, redirect, and
supplement the automated training. The LSOTS is envisioned as having
the capability to provide training to the entire range of LSO skill and
qualification levels, from basic (Phase I) training through Wing LSO.
It will be capable of simulating a wide range of environmental,
operational, and situational variables that can affect the LSO's job in
a carrier aircraft recovery.

The LSOTS is not envisioned as the only LSO training aid, but as
one instructional component within the overall LSO training program.
Other methods and media will be used within this program, including
academics, field carrier landing practice (FCLP), and actual carrier
landing operations.

The functional components or subsystems of the LSOTS are depicted
in Figure A-I-2 and will be discussed in the following order to
introduce their functions and interrelationships:

Training Knowledge Data Base

Trainee Model

Curriculum Control

Scenario Generator

Pilot/Aircraft Model

Voice System

Performance Measurement and Evaluation
Training System Executive

O 0O00O0O0OO0O0

In addition, a training scenario example has been included to
demonstrate the interaction of the various functional components listed
above.

TRAINING KNOWLEDGE DATA BASE. The knowledge base (or data base) is a
file of the subject-matter content. An initial definition of the data
base for the LSOTS is given in Appendix C. Eventually, it must contain
the complete enumeration of all task variables, their values, and
appropriate performance measures.

The knowledge base entries must be completed through task analysis
with the help of subject matter experts (SME), coordinated through the
LSO Training Model Manager. The knowledge base provides the foundation
for the content of the training program. It provides information for
syllabus design, event simulation parameters, and performance
measurement rules. It contains the raw data which are used by other
subsystems of the LSOTS. The knowledge base will be organized into a
taxonomy representing the smallest meaningful instructional units.
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TRAINEE MODEL. The trainee model is a representation of the
knowledge-state of the trainee at any time during training. It provides
inferences about the trainee's status to enable (1) appropriate tasks
(instructional units and scenarios) to be selected by the curriculum
controller, (2) status reports to be generated for the instructor or
trainee record files. The trainee model will receive input from the
performance and evaluation module and will transform this input into a
representation of his knowledge and skill in the LSO's task domain.
This information also will be stored in a record of the trainee's
progress in training.

Chatfield, Marshall and Gibcumb (1979) reviewed the function of a
student model  for automated training systems and discussed as several
alternative techniques for developing student models. Chatfield, Klein
and Coons (1981) have advanced the concept of instructor and trainee
models for voice-based automated training systems.

The trainee model for the LSOTS is currently envisioned as a
development tool that, when fully developed, will optimize the training
sequence in terms of task selection for the individual trainee. The
LSOTS adaptive logic and task generation will not be totally dependent,
however, on the full development of the trainee model. The LSOTS will
be capable of generating a reasonable syllabus pathway for each trainee
without full reliance on a functioning trainee model. This modular
approach will enable the LSOTS to train reasonably efficiently while the
trainee model is undergoing development.

CURRICULUM CONTROL. The curriculum control module of the LSOTS provides
the capability for automated adaptive syllabus logic, thereby reducing
the work load of the instructor. The curriculum control takes
information from the performance measurement and evaluation subsystem
and the trainee model and makes decisions about what information,
instruction or practice problems should be given to the trainee. The
objective is to make the trainee work hard enough to maintain interest
and optimal learning while not being so difficult that the trainee
becomes overwhelmed or discouraged. The data base (knowledge base)
design of the LSOTS will enable a large number of scenarios or tasks to
be explicitly defined and stored. The current conception of the
operation of the curriculum control is that & linear syllabus will be
generated as a starting point, based on the information presented in
Appendix C. The second level of development will be to establish an
adaptive logic, whereby each student may progress thrcugh the course at
his own pace. The mechanism for accomplishing the design of the
adaptive logic has not been established at this time. The adaptive

logic will control both the course sequence and the difficulty of each
praoblem.

Chatfield et al. (1979) reviewed instructor model characteristics
for automated training systems, including an in-depth analysis of
alternative adaptive logic strategies. Chatfield and Gidcumb (1977)
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discussed optimization techniques for adaptive logics, whereby a system
could self-organize through data collection on initial trainees exposed
to the training system.

The final step in sophistication for the curriculum control is to
include estimates of cognitive resource allocation. This procedure is
intended to assist in determining when a trainee is prepared to advance
in the syllabus or to be challenged with increased task difficulty.
Cognitive resource allocation must be considered a research topic at the
present time. Therefore, its inclusion in the LSOTS will be
modularized, as was discussed for the trainee model. This will enable
the LSOTS to be used while information is being gathered on the best
design for resource allocation assessment.

The use of the cognitive allocation strategy for the LSO task was
discussed recently by Chatfield (1981) and an example was given. He
suggested that the LSO waving task could be combined with the MOVLAS
procedure. The lags and leads in MOVLAS position changes relative to
glideslope changes could be used as a measure of cognitive capacity.
For example, an LSO trainee, when required only to engage in MOVLAS
tracking, may be able to track the glideslope performance of the
aircraft very accurately with his manual input to the MOVLAS system.
However, when he is tasked with waving (making voice calls to the pilot)
while he is simultaneously engaged in MOVLAS tracking, the decrement in
his MOVLAS tracking performance would be considered a measure of the
extent to which his cognitive resource capacity was overburdened. When
the LSO trainee had sufficient practice on both tasks so that he became
"automatic" on either or both tasks, then his MOVLAS tracking
performance would approach that achieved when waving was not required.
This would be evidence for advancing the trainee to a new level in the
LSO training program or for increasing task difficulty by including
other variables. Other potential task candidates for assessing
cognitive overload in the LSO context are recall of the aircraft side
number or fuel state, response time to a change in the deck status
light, failure to lower right arm on clear deck, and decrement in memory
of recent approach characteristics.

The issue to be addressed by a development module for cognitive
resource allocation is the cost/benefit of this procedure. How much
training efficiency is gained by using informatior from the resource
allocation module to improve the decisions of the curriculum control?
And, does that gain justify the cost of developing the moduie.

Artifical secondary tasks used for assessing cognitive resource
allocation must not detract from the learning of the primary (LSO) task.
In the examples given above, all the tasks must be learned by the LSO
and therefore, even if two of the tasks did interfere, it is to the
benefit of the trainee to learn both tasks. Other methods of cognitive
resource allocation assessment, however, involve secondary tasks, such
as reaction time, or signal detection, which are not associated with the
primary task of being an LSO. The use of secondary tasks which are not
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part of the LSO repertoire should be viewed with skepticism. In that
case, the cost of a module for cognitive resource allocation is
determined not only by the dollar cost in developing the module but by
the possible interference with training that could be associated with
the secondary (non-LSO) task.

In summary, the outcome of the curriculum control is to specify the
most beneficial instructional unit, task or scenario to be trained. [t
also provides adaptive control of task difficulty so that each trainee
is challenged enough to stimulate his maximum growth as an LSO. The
variety of variables and the range of difficulty of the combinations of
the variables which are envisioned for the LSOTS must be sufficient to
challenge even the most experienced LSOs. Therefore, curriculum control
module will be able to generate tasks and scenarios over a very wide

range of LSO experience, from the initial Phase I School student to the
most senior CAG or Staff LSO.

SCENARIO GENERATOR. Development of the scenario generator of the LSOTS
was one of the primary objectives of the companion contract in this
program (Hooks and McMurry, 1981). The scenario generator is tasked
with implementing the decisions about task scenarios which are generated
by the curriculum controller.

In an operational LSOTS the scenario generator would access the
data base for the variables (and their values) to be included in the

‘assigned task. The scenario generator also would contain the top-level

information for creating scenarios that are consistent with an
instructional strategy and the length of a training session. An
aircraft recovery of 20 planes, for example, might be one scenario
equivalent to one session for a trainee. The scenario generator would
have resident within it, or would derive from the data base, information
to generate a cohesive scenario throughout the 20 plane recovery.
Therefore, variables such as weather, pitching deck and type of
operations would be constant (or at least fairly consistent) within that
recovery scenario. Proceeding to higher frequency events, the scenario
generator again would establish an appropriate mix of aircraft types and
would organize them in some realistic seqeuence for the recovery
scenario. Similarly, the scenario generator would determine and
organize appropriate sets of aircraft approach profiles and other
primary variables to promote the training objectives of the session.

In summary, the scenario generator developed by Hooks and McMurry
(1981) will receive information from the curriculum controller about
what is to be trained next and what level of difficulty is appropriate.
It will take information from the knowledge base (or data base) to
generate the appropriate scenarios, both for the training session as a
whole and for each approach or instructional unit within the training
session.
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PILOT/AIRCRAFT MODEL. As stated previously, the pilot/aircraft model
w s developed by Hooks and McMurry (1981). That technical report should
be considered a companion volume with the present report.

The primary purpose of the pilot/aircraft model is to simulate the
behavior of the pilot/aircraft system during final approach to carrier
landing. It is the combination of pilot response, aircraft response,
and environmental influences that results in the aircraft dynamics
observed by the LSO. Certain pilot characteristics such as
over-controlling or under-controlling deviations from the glide slope
will be included in the LSOTS both as an instructional variable and as a
background variable contributing to the normal variability during
simulated recoveries. Dimensions upon which pilots may differ are
discussed in more detail in Hooks and McMurry (1981). The
pilot/aircraft model will provide simulation of a range of aircraft
types and pilot skill and responsiveness levels, so that the LSO trainee
can learn how to deal with these variables.

One of the most important functions of the pilot/aircraft model
will be to define and generate sequences of aircraft deviations from the
optimum approach. Common sequences of deviations, or approach profiles,
contribute to certain key concepts for learning the LSO task. Hooks and
McMurry, (1981) identified families of approach profiles that could be
grouped into a categories such as "come-down." This family of approach
profiles defines a key concept to be learned (see Appendix C). It
provides a basis for scenario generation for teaching important LSO

skills such as avoiding the potentially dangerous situation of a
“come-down in close."

The pilot variables, aircraft variables and approach profiles
reflected in the pilot/aircraft model will "drive" the carrier approach
simulation in support of training in the LSOTS.

VOICE SYSTEM. The benefits to be obtained from a voice-interactive
simulation can be described with reference to the procedures used in the
LSO Reverse Display. In that system, an LSO trainee may give a
particular voice call to the human pilot flying the simulator.
Additionally, the LSO instructor listens to the trainee's voice call and
evaluates whether or not the call was correct. Two individuals are
required to support the training of the LSO. They listen to the same
voice call for different reasons; one to fly the aircraft and the other
to evaluate of the trainee's performance.

In the LSOTS, by contrast, the pilot can be replaced by a
pilot/aircraft model, and the instructor can be replaced (or supported)
by an instructor model. When a trainee gives a voice call in the LSOTS,
the computer speech recognition system will recognize the trainee's
speech and pass the information to two places: (1) to the
pilot/aircraft model for real-time interaction on the simulated
approach, and (2) to the performance measurement and evaluation system
for subsequent evaluation of the trainee's performance.
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The voice system, therefore, performs an important function in the
LSOTS. The accuracy requirement will be extremely high and the demand
for real-time interaction places a high priority on rapid processing.
The requirement for high recognition accuracy stems from the short
duration (about 30 seconds) of the critical interaction between the LSO
and the simulated pilot. There isn't time for “say again."

An overall index for accuracy is difficult to specify. One of the
problems with accuracy indicies is their lack of precise definition.
For example, most manufacturers will claim that their speech recognizers
attain 99% accuracy. In actual application, however, the numbers are
considerably less (see McCauley and Semple, 1980; McCauley, Root and
Muckler, in preparation). What is needed is accurate system response,
sufficient for training effectiveness. Current speech recognizers which
are based on principles of acoustic pattern matching are unlikely to
approach 99% recognition accuracy in the LSO training environment.
System response accuracy, however, may attain very high levels if
sufficient committment is made to the development of an intelligent
"understanding" system. This understanding software would make
extensive use of task variables (changing real-time with the approach)
and models of expected LSO behavior to determine appropriate system
(primarily pilot/aircraft model) responses. All the available
information in the LSO training situation should be used to generate the
appropriate -system response, not just the acoustic pattern produced by
the trainee's speech.

This extensive processing must be accomplished rapidly, because of
the pace of the LSO task. While the present authors are unaware of any
data on pilot response time to LSO calls, we would estimate that a pilot
probably begins responding to an LSO call approximately one second of
the call completion. This response time distribution would be skewed,
so that one second would be somewhat of a minimum time for responding,
and considerably longer time could be taken if the pilot were attending
to some other variable at the time of the call. The voice subsystem
should be capable of recognizing the LSO call rapidly enough so that the
pilot/aircraft model can begin to respond to the LSO call within
approximately one second.

Minimizing voice training time is another important objective for
the voice system in LSOTS. LSOs have a large number of task variables
to be presented to them in training, as indicated by the data base
presented in Appendix C. Some practice on the calls themselves is
worthwhile to the LSO trainee. But the practice time on enunciating the
LSO calls will have some tradeoff with actual training time. The
vocabulary size and characteristics for the LSOTS can be described
intially by the common LSO calls given in the LSO NATOPS. The
vocabulary size represented by NATOPS calls is not particularly large.
A substantial number of other calls, however, are frequently used by
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LSOs. These are the so called "non-standard" calls, and some of them
may need to be included to give a full range of calls and to achieve
user acceptance.

One of the more interesting problems for the voice system in the
LSOTS will be to differentiate between LSO calls that differ only in
emphasis and inflection, such as "POWER" and "POWER!!" Voice emphasis
and inflection are used by LSO's to transmit meaning to the pilot.
Slight differences in inflection tend to connote different requirements
in the magnitude of correction required. However, these nuances of
inflection may not be necessary to achieve an effective LSO training
system. A voice system capable of very accurate recognition of the
standard NATOPS calls and a few of the commonly-used non-standard calls
would be sufficient for an effective LSOTS. Variability in inflection
and emphasis may be dealt with by voice data collection at pre-defined
levels of emphasis, and perhaps by transparent voice data collection
during simulated approaches.

Speech generation is another function to be performed by the voice
subsystem. Speech generation could be accomplished by computer speech
synthesis or replay of digitized speech. The speech generation
functions within the LSOTS will simulate transmissions to the LSO from
the pilot, the air boss and other landing related personnel.
Additionally, speech generation will facilitate some instructional
functions. Demonstrations of proper techniques, instructional
information, or performance feedback information can be given to the
trainee using speech generation.

PERFORMANCE MEASUREMENT AND EVALUATION. The performance measurement and
evaluation system contains the three primary functions of measurement,
assessment and diagnosis. These represent three stages of processing of
the raw performance data. In this section, brief discussion of accuracy
requirements and performance feedback also will be given.

Performance Measurement. Performance measurement is the basic data
pertaining to the behavior of the LSO trainee relative to the
task variables to which he is responding, including aircraft dynamics.
This performance measurement will require accurate data on the location
and rates of change of the aircraft at all times during the approach.
These data must be in six degrees of freedom. The aircraft dynamic data
will be readily available within the LSOTS because the data are already
contained within the system to drive the simulation and display of the
aircraft. These data must be time-logged and saved for comparison to
any LSO actions, which also will be time-logged.

The performance measures anticipated at the present time include
the following: aircraft dynamics in six degrees of freedom; the trainee
voice calls; manual actions - wave-off button and cut-light button;
MOVLAS movement, continuous RMS error or other measure; post approach
description using LSO shorthand terminology. An additional major
category of LSO performance measurement will be the managerial/organ-
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izational responsibilities of the LSO. They represent decision making
outcomes such as recommending to the air boss to rig the MOVLAS, change
the lens roll angle, or cancel flight operations. Many of these
performance measures seem to be obtainable through monitoring LSO
communications with the air boss or other landing related personnel to
transmit a recommendation or decision. These measures could be obtained
through the voice system, if properly structured, or they could be
simulated by some other means such as a dedicated pushbutton panel. The
push-button panel option is favored because it is simpler to implement.
The important LSO trainee behavior to be monitored here is the decision
rather than the speech itself. Also, there is not a time criticality
(on the order of less than a second) as there is in the waving task. A
pushbutton panel would eliminate the need for an additional vocabulary
set and the associated voice data collection. Also, the method of voice
communication would be artificial, since the controlling LSO does not
transmit these messages over his handset. Often, the back-up LSO or
phone talker will communicate messages on behalf of the controlling LSO
via other systems such as the 19MC. However, specifying the precise
performance measures required will be part of the task in the final
development of this system.

Performance Assessment. Performance assessment refers to the outcome of

an analysis process based on comparison between the performance
measurement results and a set of criteria describing correct or ideal
LSO performance. The assessment process should result in the precise
identification of all errors or shortcomings in the trainee's
performance.

An area of apparent difficulty for the LSO performance assessment
system is the development of a complete quantitative model for the
criterion behavior of the LSO. McCauley and Borden (in press) have
taken the first steps in the development of an LSO waving model. But
that model pertains largely to the A-7 aircraft and requires further
development and validation before it can be used in an LSOTS as a
criterion for performance assessment. This type of criterion must be
extended to all aircraft types included in the LSOTS.

One possibility for generating (or validating) the performance
criteria is to collect data within the LSOTS itself during its
development stages, using highly experienced and highly qualified LSOs.
The consistencies in their waving behavior could be measured by the
performance measurement system and codified to become the criteria for
performance assessment. An added benefit from this criterion
development procedure is that any distortions in the simulation process

wou]? be accounted for by collecting the criterion data within the LSOTS
itself.

Performance Diagnosis. Diagnosis is the third stage of processing under

the performance monitor function. The diagnostic function could be
considered a separate subsystem, as described by Chatfield (1980), but
for purposes of parismony we have chosen to include *the diagnostic
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function within the performance measurement and evaluation system.
Diagnosis is a higher Tlevel of processing of the performance error
information. The diagnostic function serves to integrate errors over
time, looking for patterns of errors made by the trainee. When certain
consistencies or patterns in errors are detected, these will be
reflected in the trainee model as a deficiency 1in his cognitive
structure or processing. This information then would be passed to the
curriculum control module for assignment of appropriate remedial
measures.

Accuracy Requirement. Accuracy is essential in the performance
measurement, assessment and diagnosis functions. Inaccurate measures
lead to erroneous performance feedback and degraded training
effectiveness. With an adaptive syllabus, accurate performance
measurement also is essential for the appropriate selection of tasks and
task difficulty. For example, if a performance measurement system were
giving erronecusly low scores, the trainee model would underestimate the
trainee's state of learning, and consequently, the curriculum control
would not advance him at an appropriate rate. This type of error
obviously would be inefficient in the use of training resources and
would be frustrating to the trainee. Design and implementation of an
accurate performance measurement and assessment system is difficult in a
complex interactive training system. But accuracy is essential for the
system to train effectively.

Performance Feedback. At the present time the authors see no reason
that performance measurement and assessment need occur in real-time
during an approach. However, the first stage of performance measurement
may be required in real-time to support the speech "understanding”
software. An LSO decision-making model processed in real time could
derive expectancies for the trainee's voice calls. This process could
be combined with initial performance memasurement, if computer resources
were sufficient. Conceivably, the pilot/aircraft model could be
interactive with the initial performance measurement so that a trainee's
performance early 1in an approach might affect the response
characteristics of the pilot/aircraft model later in the approach. This
technique does not seem necessary, however, since an entire final
approach will last only about 30 seconds. Performance measurement and
assessment could be accomplished between aircraft approaches, allowing
brief performance feedback to be given to the trainee after each
approach. Because of the continuity inherent in the final approach
profile, freezing the approach to provide feedback is not recommended
except during a replay. Breaux (1976) found that stopping (freezing) an
approach to give feedback was disruptive to students in a precision
approach radar task. He found that replay adequately met the
requirement for performance feedback.
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The details of this brief feedback procedure need to be developed
since there is potential conflict between the feedback information and
the continuity of the aircraft recovery. The conflict would occur if
performance feedback information were to be given to the trainee at the
same time that he should be attending to the next aircraft on final
approach.

The recommended technique is to make available brief performance
feedback information immediately after each approach. The trainee
should be allowed to override (eliminate) the feedback. Advanced
trainees, particularly, may not want to deal with performance feeaback
after each approach. A more complex design possibility is to apply
different feedback techniques at different stages of training. Early in
training, feedback should be more frequent and more extensive. This can
be accomplished by providing the trainee with selection options. The
trainee should be given the opportunity to select critical parameters,
such as glide slope, AOA, power, etc., for observation during a replay.
[f replay capability is provided between approaches on a recovery, the
trainee should be able to select a limited portion of the previous
approach, if desired. For example, he could request to see "Replay,
display power, angle of attack, range in-close to at-the-ramp.”

Performance feedback of a more general nature could be given at the
end of the recovery period. This 1information would pertain to his
performance on the recovery as a whole, and replays of particular
approaches could be used for instructional emphasis.

TRAINING SYSTEM EXECUTIVE. The training system executive (TSE) is the
control mechanism for the other subsystems. Many of the TSE functions
are performed by a human instructor in a non-automated training device.
An instructor using a training system such as the LSORD, for example,
makes all the decisions regarding setup of conditions for the next
demonstration or practice approach, he listens to the voice calls given
by the trainee, monitors the performance of the trainee, gives the
trainee feedback about his performance, and continues to build up
internal schema to represent the state of knowledge of the trainee.
These LSO instructor functions are representative of the tasks that have
been described for the Instructor Model and other subsystems of the
LSOTS. The TSE creates priorities, allows subsystems to communicate
with one another, and accesses the data base. The TSE not only is
imbued with the characteristics of the higher organizational decisions
of the LSO instructor model, but it also takes on the responsibility for
coordinating the subsystems within the LSOTS. It is both a training
executive and a computer system executive. Advances in artificial
intelligence may be applicable to this and other subystems of the LSOTS.

TRAINING SESSION EXAMPLE

An attempt will be made to demonstrate the integration of these
subsystems by describing an hypothetical training session for an
intermediate-level trainee.
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An LSO trainee arrives at the facility for a training session and
begins by checking with the technician that the system 1is up and
running. (Even better, the system will be so easy to operate that the
trainee can initialize the entire system himself). The LSO trainee
begins the session by identifying himself. A brief interrogation may be
conducted by LSOTS to verify his identity, either by identification
number or voice authentication.

The system retrieves the trainee's files, including any required
voice reference data. Alternatively, he would bring some record of his
voice data, such as on a diskette. The system assesses his current
state of training, via the trainee model, and generates (or updates) a
training strategy including the objectives for the present session.

If the trainee were new, or had not worked with LSOTS recently, the
system would interrogate him (using CRT or speech generation) for
appropriate information such as years (months) of experience as an LSO,
qualification level, primary aircraft type, aircraft he is qualified to
wave, etc. Additionally, the LSOTS has available a substantial data
bank on his prior performance in the system. The aggregate of
information from these sources is used by the trainee model to infer the
trainee's current state of knowledge and skill as an LSO.

The curriculum control uses this information to develop a near-term
training strategy, including topics to be covered and aternative
pathways for progress, depending on the trainee's performance. The time
required for this processing is minimal, avoiding a boring delay before
beginning the session.

The curriculum control accesses the knowledge base for the upcoming
scenario and communicates with the trainee via the trainee/system
interface (CRTs, speech generation, etc.). A briefing is given about
his current status in the curriculum and the topics and objectives for
this session. This information also is made available at the LSO
instructor's station, should he be present. The instructor can request
more detailed information about the trainee's past performance at any
time. Also, he has the option to override the selected session topics
and objectives.

After briefing the trainee (and instructor) on the upcoming
session, the system will review recent training topics and provide a
warm-up period for "calibrating his eye" and allowing the trainee to
accommodate to the LSOTS environment. Voice data collection is
conducted if any new vocabulary words are to be used. Instruction on
the new topics is given, with an emphasis on demonstration. Key
concepts may be communicated by CRT or speech generation. Lengthy
reading from a CRT is avoided.
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Warm-up, review, instruction and demonstration are followed by the
practice session. During the practice session the trainee may be
confronted with an entire carrier recovery scenario that would include
environmental and task variables that he has encountered previously in
LSOTS, as well as new ones that are the focus for the present session.

The scenario generator, taking instructions from the curriculum
control and data from the training knowledge data base, initializes all
variables for each approach. Control of the approach passes to the
simulation/display subsystem in conjunction with the pilot/aircraft
model. The trainee has the pickle and phone in hand and observes the
aircraft on a night approach. He 1listens to the CCA controller
transmissions, simulated by the speech generation system, and watches
the pilot's CCA performance. At 3/4 mile, the trainee hears the pilot
call the ball (again, the speech generation system) and takes control of
the approach, responding "Roger Ball." For the remainder of the
approach any radio transmission (call) given by the trainee will be
recognized by the speech recognition system and "“understood" by the
intelligent software, which will stimulate the pilot/aircraft model to
respond appropriately. In the case of a recognition error, the pilot
model tends to ignore the LSO input, as a real pilot would. Pilot
response characteristics will be dependent on the type of pilot and
aircraft that is being simulated. Whether immediate feedback should be
given to the trainee regarding the automated recognition of his calls

has nft yet been determined (see Hooks, Butler, Reiss, and Petersen,
(1980).

At the end of each approach, the trainee gives it a grade and
description which 1is recognized by the speech recognition system.
Performance feedback is given to the trainee immediately in summary
form, using either visual or aural channels, or both. Possibly, the
back-up (supervising) LSO is simulated giving a brief comment on the
trainee's performance. This could be done through speech generation,

i.e. "You should have given that power call just a little earlier,
Charlie."

The performance feedback 1is obtained from the performance
measurement and evaluation subsystem, which compares the trainee's
performance with a criterion for correct performance. The outcome of
the performance measurement and evaluation procedure becomes performance
feedback, to the trainee and also is sent to the diagnostic routine, the
record keeping module, and the trainee model. The diagnostic routine
analyzes the accumulated composite performance data to determine crror
trends, and this information is passed to the trainee model and

curriculum control to prepare review or remedial instruction when
necessary.

When the recovery has been completed, a full review of the
trainee's performance during the session is given. Specific errors and
error trends are identified for the trainee. Strengths and weaknesses
are communicated via visual display and voice. This debrief period
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helps to consolidate the learning from the session. Other sources of
information for review are suggested to the trainee, such as pertinent
sections of the LSO NATOPS or LSO Training Guide (Erickson, 1978).

Finally, the trainee is given a preview of topics for the next
session and additional reading assignments or interaction with the
instructor may be suggested. The trainee signs off the system, looking
forward to the challenge of the next session which will consist of

Marine F-4s on a dark night with pitching deck, MOVLAS, and no tanker
available.
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}( SECTION A-IT - FUNCTIONAL DESIGN

A2.1 INTRODUCTION

The Instructor Model will be designed to provide the following primary

;! functions:

(1) Estimate the trainee's job-related learning status based on
information in the LSOTS data base.

(2) Select the next appropriate instruction based on (1) above.

E‘ (3) Generate the 1learning task scenario for presentation to the
trainee based on (2) above.

(4) Evaluate the trainee's performance in learning the task.
4 (5) Provide feedback to the trainee about his performance.
(6) Record the pertinent performance data.

(7) Provide an interface between the LSOTS and the human instructor.

In addition, the LSO Instructor Model will be designed to provide the q
following ancillary functions: '

(8) Initialize the LSOTS.

(9) Instructor and/or trainee sign-on and access to specific trainee
records.

(10) Demonstrate the LSOTS automated operation for the benefit of first
time trainees and visitors.

(11) Review of the curriculum and the analysis of trainees' group
performance by the instructional staff.

(12) Collect trainee and/or instructor reference data for the speech
recognition subsystem.

(13) Provide a "Manual Mode" of LSOTS operation in the event of speech
recognition system failure.

(14) Evaluate the strengths and weaknesses of expericnced LSOs as well
as trainees.

(15) Shut down the LSOTS when it is not required for further operation.
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Generally, control of LSOTS functions will be accomplished by the use
of the voice channel (speech recognition by the LSOTS for information entry
and speech generation for information output). Where this method of
man/machine communications is impractical, information entry will be
through the instructor's alphanumeric keyboard and output will be the
display of alphanumeric information on the primary display and/or the
instructor's console CRT.

The function of the LSO Instructor Model will be partitioned into the
following modes:
Initialize
Demonstration
Instruction
Manual Back-up
Off Line

o O O O o

The functional control of the LSOTS within these modes is shown in
Table A II-1.

A2.2 DESIGN OF THE INITIALIZE MODE

The purpose of the Initialize Mode is to allow the LSOTS to be
powered-up, the internal system selftest:- to be executed and the date and
time to be entered. The Initialize Mode will be initiated automatically
when date and time are entered manually through the alphanumeric keyboard
of the external console. Entered data will be shown on the external
console CRT. On completion of the initialization, a mode select menu will
be displayed on the external and instructor's CRTs. Selection of one of
the modes “Demonstration”, "Instructional," "Manual Back-up," or "Off Line"
will be initiated through the alphanumeric keyboard of the instructor's
console by entry of either "DEMO-INSTRUCT-MANUAL."

A2.3 DESIGN OF THE DEMONSTRATION MODE

The purpose of the Demonstration Mode is to allow the operation of the
LSOTS to be shown to prospective trainees who are unfamiliar with the
system. In addition, the demonstration can be used to show official
visitors how the system is used for training LSO's and for LSOTS
serviceability checking.

The Demonstration Mode will combine audio and visual information which
describes the LSO task and the manner in which the LSOTS accomplishes
training. It will then display two approaches which are noticeably
different in character. Generated speech will be used during each approach
to represent communication between the.psuedo LSO and the pilot making the
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approach. The pilot's voice will be noticeably different from the LSO's
voice. At the termination of the approaches, the LSCTS will automatically
debrief the imaginary LSO trainee by playing back the approaches using
visual display and generated speech communications. Display freeze and
approach path deviation (using video generated cross hairs) will be
demonstrated. At the end of the demonstration, the instructor's CRT will
show a menu which will allow the selection of further demonstrations or the
selection of the "Instructional" or "Manual Back-Up" modes. Through the

gnstrugtor's alphanumeric keyboard, the words REPEAT-INSTRUCT-MANUAL will
e used.

The duration of the basic demonstration is not expected to exceed 7
minutes, allocated as follows:

Description of the LSO task - 1 Minute
Description of the LSOTS - 2 Minutes
Two approaches - 1 1/2 Minutes
Debrief - 2 1/2 Minutes

Repeat demonstrations will have noticeably different characteristics

in terms of aircraft type or environmental conditions or approach profile.
Up to ten different approaches will be selected automatically, in a random
sequence, from the canned approach profile repetoire.

A2.4 DESIGN OF THE INSTRUCTION MODE

The Instruction Mode is the multi-featured training mode of the LSOTS,
and because of its complexity it is functionally divided into sub-modes
which are identified as follows:

Sign-on

Access Records
Select Training
Warm-up/Review
Voice Data Test
Instruction/Teach
OPS Brief
Practice

Debrief

Sign-off

o O O O 0O © 0o 0 o o
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L The sub-modes will be serially self-selecting at completion of the
~‘ previous sub-mode. The functions within these sub-modes are described in

the narrative which follows.

r Sign-On - The instructor and/or the trainee are visually requested
3 through the instructor's CRT, to enter their social security

numbers through the instructor's console alphanumeric keyboard.
n The entered data will be shown on the instructor's CRT and
subsequently recognized by the system to determine the eligibility
of the users. A design option will be veoice authentication of
eligible users. In the event that the users are ineligible, a
message to that effect will be displayed on the instructor's
console CRT.

‘_V‘r .

Transfer to the next sub-mode will be made manually by entering the
word "CONTINUE" through the instructor's keyboard or by verbal
command through the speech recognition system. In the event that
user(s) are not eligible, transfer to the next mode is inhibited.

Note that information in regard to eligible users is entered in the
"0ff-Line" mode.

LA o o0 asnen ¢

Access Records - The instructor and/or trainee can review the
trainee's training status or the instructor's CRT. The displays
! will show:
j o Trainee's name, rank, and social security number
t 0 Recency of training on LSOTS

o Position in the curriculum at that time
‘! o Performance level - session

- last N sessions

- overall

Note that in this sub-mode, access to records will be limited to
the individual trainee who has "Signed-On." Further access to
trainee records (by individual or class) will be made available to
supervisory instructors through the external console in the
"0ff-Line Mode." The instructors will have a review routine
available to them which will allow the data to be temporarily

maniupulated to determine for example, a specific trainee's
strengths and weaknesses.

Transfer to the next sub-mode will be made manually »y entering the
word CONTINUE on the instructor's keyboard or by verbal command
through the speech recognition system.
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Select Training - The instructor and/or trainee can approve the

instructional unit to be presented, or opt for training selected
from a different part of the LSOTS curriculum by verbally or
manually responding to the generated speech questions.

The key concepts and training objectives for the instructional unit
to be presented will be shown on the primary display and the
instructor's console CRT. The unit to be presented will result
from the indexing of the trainee into the curriculum and will be
baze? on the automated curriculum control process of the instructor
model.

Normally, the instructional unit will be accepted by the instructor
and/or trainee. However, if they wish to override the selected
instructional unit, they can do so by saying "Select I[nstruction
Unit #N." In this event, the key concepts of the requested
instructional unit are displayed for review by the instructor
and/or trainee. The accept/reject process can continue for an
unlimited number of instructional units.

If the instructor is present and signed on, he may choose to
develop his own training scenario for the trainee. An entry of the
words “Special Training" through the instructor's alphanumeric
keyboard will produce a special format on the CRT in which the
instructor and/or trainee will enter the required training scenario
data. This data is maintained only for one session and is not
supported by any instruction. On completion of the data entry the
“OPS Brief" sub-mode is selected manually by entering the word
"CONTINUE" through the instructor's keyboard. Details of the

"Special Training" scenarios wi'l be maintained in the system
records for future instructional unit development.

Warm-Up/Review - The trainee will be presented with a series of

approaches to warm-up and to "calibrate his eye." Up to five
characteristically different approaches, will be automatically and
randomly presented using aircraft types and environmental
conditions consistent with previously received training. Gross
performance feedback will be given verbally between successive
approaches through the use of generated speech.

Special review scenarios will be presented to trainees who have not
used the LSOTS for a substantial period of time. However, for
trainees who have used the LSOTS within seven calendar days, the

Warm-up/Review scenario will be based on the training received in
the last instructional unit.

For first time LSOTS users, the select training, Warm-up/Review and
Voice Data Test sub-modes will be by-passed by automatic selection
of Instructional Unit #1, which covers the introduction to the
LSOTS and is implemented in the Instruction/Teach sub-mode.
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k‘ After the waving segment of each approach, the LSO trainee will
: describe the approach using his microphone. (In actual practice,

the controlling LSO addresses a book-writer LSO and describes the
performance of the pilot/aircraft on the last approach. The
. book-writer LSO then records the approach description in the LSO
B 1ogbook). In the case of the LSOTS, the approach description
k! becomes an assessment of the LSO trainee's performance when it is

compared to the aircraft's known approach path. Therefore, the
approach description will be entered into the performance
measurement and evaluation data base. Completion of the waving
segment of an approach will be defined as when the aircraft has
arrested or boltered or crashed and there are no formal voice

‘ communications for a period of 5 seconds. An alternative design is
%‘ to have the trainee or instructor say a keyword, such as "End
Approach.”

The approach description segment will begin at that time. Transfer

to the next sub-mode is automatic on completion of the
Warm-up/Review scenario.

Voice Data Test - The acoustical speech patterns, which are
required for speaker-dependent speech recognition systems, must be
available for test and modification. In this sub-mode, voice data
collection of any of the three types of vocabulary words and/or
phrases (waving, approach description, and LSOTS control commands)
can be automatically prompted and reacquired. The sub-mode is
automatically selected in the event of inadequate speech
recognition during the conduct of the Warm-up/Review approaches.
However, the Voice Data Test sub-mode will be automatically
bypassed if the LSOTS assesses that the voice recognition subsystem
is operating satisfactorily. Additionally, the Voice Data Test
|! sub-mode will be selectable by the trainee or instructor at any
time between approaches.

‘d""

At the beginning of the reacquisition sequence, the instructor
and/or trainee will be asked through generated speech whether they

wish to review the confusion status of the vocabulary words and
' phrases collected so far. If the answer is "no", then the
1 reacquisition process commences. If the answer is "yes", a list of

vocabulary words and phrases with their respective discrimination
indices will be displayed for 30 seconds or until told to continue.
Transfer to the next sub-mode is automatic on completion of the
satisfactory reacquisition of the required words and/or phrases.

The Voice Data Test sub-mode can be manually selected at any time
i an approach is not in progress by entering VOICE TEST through the
! instructor's alphanumeric keyboard or by verbal request.
1 Alternatively, this sub-mode will be entered automatically when the
system detects inadequate discrimination indices. In either case,
a list of vocabulary words and phrases and their discrimination
indices will be displayed on the primary display and instructor's
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console CRT. Each word, and/or phrase, can be reaquired by saying
the identifying number followed by the word or phrase "N" times
(unless more optimal "“context" sampling is available). After
reacquisition, the discrimination indices will be automatically
updated and can be reviewed by the trainee and/or the instructor by
reentering the voice test submode. Transfer back to the previous
sub-mode may be selected manually or verbally.

The automatic selection of the Voice Data Test sub-mode will occur

when the value of the confusion index exceeds some criterion. The
value of this criterion must be easily changed in the system, and
it should be an item for testing during the acceptance test period.

Instruction/Teach - Audio and visual instructions (shown on the

trainee's display ) will be presented to assist the trainee in
understanding key concepts and training objectives for the selected
instructional units. The presentation of the instruction for this
instructional unit can be overriden verbally by the trainee or
instructor by responding to the LSOTS speech-generated questions.

During this sub-mode, voice data collection of special vocabulary
words and phrases, which are unique to the selected instructional
unit, are automatically prompted and acquired. This process is
done in the operational context whenever possible. The voice data
collection includes words and phrases for both the waving and
approach description vocabularies.

Instruction and teaching will be presented to the trainee through
scenarios with both visual and audio information. It will cover
lesson objectives, variables to which the trainee will be exposed,
demonstrated proper procedures, interactive “Now you do it"
opportunities for the trainee, and reruns with LSOTS visual and

verbal feedback (with appropriate instructional features, such as
cross-hairs, last safe wave off indicator, etc.).

For Instruction Unit #1 "Introduction to LSOTS" (see note under
"Warm-up/Review" sub-mode), the trainee will be taken through a
canned scenario which will introduce him to the LSOTS features in
addition to being given examples of the type of training the LSOTS
will provide him.

During the progress of Instructional Unit #1, the basic LSO waving
and approach description vocabulary and LSOTS control vocabulary
will be automatically prompted and acquired.

Transfer to the next sub-mode is automatic on completion of the
Instruction/Teach scenario.
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Note that at the end of the Instruction/Teach sub-mode, the Voice
Data Test sub-mode may be automatically reselected by the LSOTS in

order to reaquire words and/or phrases which are rated as confusing
by the system.

OPS Brief - The instructor and/or trainee will be briefed, using an
Air Ops type of display, of the prevailing conditions which will be
experienced during the approaches which follow. Variables such as
aircraft type, carrier type, environmental conditions, and
equipment malfunctions, are typical briefing topics. The brief may
include the nominal operating range of important instructional
variables. These values can be altered within certain limits by
the instructor to tailor the scenarios to the particular trainee or
situation.” Records of these changes will be kept in the system to
support subsequent changes.in LSOTS instructional units.

Transfer to the next sub-mode is automatic on completion of the 0PS
Brief scenario.

Practice - The approaches which relate to the selected

instructional unit will be presented on the primary display.
Trainee voice data and manual action data (waveoff and cut-light
activation) which describes the LSO waving performance for each
approach will be collected. Gross error performance feedback will
be given to the trainee between successive approaches through the
use of generated speech. Visual information can be provided for

feedback if it does not interfere unduly with an ongoing recovery
scenario.

Both short term and long term performance assessments will be made
in this sub-mode. The short term information, such as hook-to-ramp
clearance, distance off-line-up, wire #, terminal sink rate, etc.,
will be shown unobtrusively on the upper part of the primary
display immediately after each landing. The longer term or trend
data will be shown in a similar manner at the end of each session.

Generated speech outputs from the LSOTS will provide direct and
background communications from other aircraft pilots, the air boss,
and other recovery personnnel. After each approach, the trainee
will verbally describe the approach, using his microphone in an
identical manner to that for approach descriptions in the
Warm-up/Review sub-mode.

Transfer to the next sub-mode will be made automatically on
completion of the last approach description.

Debrief - The instructor and/or trainee will be presented with a

generated speech narrative of the diagnosis of the trainee
performance for the recovery session. Best case and worst case
approaches which were waved by the trainee will be replayed to
support the diagnosis. Display/freeze and approach path deviation
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measurements (using video-generated cross hairs) will be available
to the instructor and/or trainee by verbal command or manual
selection.

The key concepts and training objectives for the session will be

restated during the debrief and the LSOTS will state whether these
have been accomplished by the trainee.

On completion of the diagnosis/replay phase of the debrief, the
LSOTS computed scores for each approach and the overall grade for
the session (or recovery) will be presented. Suggested
improvements in performance, reading, and preparation for the next
training session will be made at this time.

The computed approach scores and the session grade also will be
displayed on the instructor's console. In the event that an
instructor has signed on, the approach scores and session grade can
be manually entered into the record system by the instructor at his
console keyboard. System records will save both the computed
scores and the instructor's scores. Pertinent remarks made by the

instructor for record purpose can be entered through the
instructor's keyboard at this time.

Transfer to the next sub-mode will be made automatically on
completion of the debriefing.

Sign-0ff - The instructor's console CRT will display a menu which
will allow the instructor and/or trainee to terminate the session
or continue with the next appropriate instructional unit. A verbal
or keyboard entry of TERMINATE will terminate the session. A
verbal command or keyboard entry of CONTINUE will commence the
continuation sequence by the LSOTS suggesting that the trainee take
a coffee break. However, in the event that the trainee displayed
deteriorating performance on the last session, it will recommend
that he should not commence the next session. A "Terminate" or

"Continue” selection menu will again be displayed on the
instructor's CRT.

By entering CONTINUE for the second time the LSOTS will
automatically sequence to the select training sub-mode.

Note that a TERMINATE or CONTINUE entry will send all the prior
session score, grade, diagnostic information and instructor's
entered comments into the record system for subsequent access
and/or processing.

The information which is passed into the record will be available

for hard copy by adding the word “Copy" after the first "Terminate"
or "Continue" entries.
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The duration of each instructional session is not expected to exceed
60 minutes, allocated as follows:

PPy r

o “Sign-On" through "Instruction/Teach" - 20 Minutes
0o “OPS Brief and Practice" - 30 Minutes
l! o Debrief and Sign-Off" - 10 Minutes

A2.5 DESIGN OF THE MANUAL BACK-UP MODE

This mode will be used in the event that the speech recognition
subsystem is inoperative. When an instructor is available a* the
instructor's console he will act as the pilot of the approaching aircraft
when a change from the programmed approach is required by the trainee's
voice call. The trainee will use his speech channel for direct
communication with the instructor's console. The instructor's console will
be fitted with appropriate controls which will enable him to make
incremental changes to the preprogrammed aircraft's approach profile in
response to the trainee's waving commands. There is no requirement for
realistic controls, such as stick and throttle, as the instructor will not
be required to continuously control the approach. He only needs the
capability to make minor adjustments in the approach, and initiate a
response to LSO trainee calls, including waveoff. Approach description
data will be entered through a small keyboard specifically designed for , ;
that purpose. \

Effective training can still be accomplished in the Back-Up mode when
the instructor 1is not available. Although voice calls will not be
possible, the trainee can keep the aircraft off the ramp by using the CUT
lights for power and the WAVEQOFF lights. This procedure provides
legitimate practice for EMCON or radio failure conditions. The trainee

will enter the approach description through the special keyboard mentioned
previously.

The Manual Back-Up Mode has similar sub-modal operation to the
"Instructional” sub-modes as follows:

Sign-Gn

Access Records
Select Training
Warm-Up/Review
Instruction/Teach

0PS-Brief
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:
E‘ Practice
( Debrief
Sign-0ff

The absence of LSOTS speech recognition in the Manual Back-up Mode
manifests as follows:

Sign-On - No difference from "Sign-On" in the Instructional Mode,
except that voice authentication and the verbal function to
"Continue" is not possible.

Access Records - No difference from "Access Records" in the
Instructional Mode.

Select Training - The task approval or optional section of the
alternative tasks must be made using the menu display and keyboard
at the instructor's console.

Warm-Up/Review - The instructor provides the pilot's voice response
and makes incremental change to the aircraft's approach profile in
response to the LSO waving commands. The instructor also provides
gross performance feedback to the trainee between approaches, and

)’ records the approach description by keyboard input.

Instruction/Teach - No difference from "Instruction/Teach” in the
Instructional Mode except that the instructor must provide the
aircraft pilot's voice response and make incremental change to the
aircraft's approach. If the speech generation system is down, the
instructor must provide the voiced portion of the instruction and
demonstrations. '

Practice - The instructor provides the pilot's voice response and
makes appropriate inputs to the programmed approach profile. The
performance assessment system is assumed to be operative, but it
will require the instructor to manually enter the code for the
trainee's waving commands (plus their time of onset) and approach
description. This could be done by freezing the replay at the
time a call was given.

Debrief - No difference from "Debrief" in the Instructional Mode.
A2.6 DESIGN OF THE OFF-LINE MODE

This mode is the administrative mode of the LSOTS and does not require
trainees to be present. The mode is intended to provide approved personnel

access to trainee records, curriculum and software program contents. To
provide control of the data access and the extent to which it can be

55




i NAVTRAEQUIPCEN 80-C-0073-1

changed, only specified people will be able to enter and change specific
" data files. In general, the following access and change structure will be
provided through the external console's keyboard and CRT.

{ Operational Personnel

‘ Training Supervisor LSO - All trainee and class records, all

&! instructor's records, all parts of the curriculum, scenario

codes, standard scenario variables, performance assessment

s criteria, diagnostic rationale, and LSOTS instruction unit
I utilization data.

Instructor LSO - All trainee and class records, all instructor's
records, all parts of the curriculum, scenario codes, standard
scenario variables, performance 4assessment criteria, diagnostic
rationale, and LSOTS instructional unit utilization data.

Note that the access provided to training supervisory and instructor
LSOs will enable them to delete and add trainee's names, identification,
and pertinent training status data.

Instructional Technology Personnel

Training Analyst - All parts of the curriculum, scenario codes,
standard scenario variables, performance assessment criteria,
diagnostic rationale, instructional unit utilization, knowledge
base status, student model! status, speech recognition

vocabu{aries and their confusion indices, and training
statistics.

Systems Analyst - Every software instruction module in the system at

the program level language, or higher level language when
available.

Note that the access provided to the training and systems analyst
provides them with overall technical control of the system. Software
program changes should be approved by the LSO Training Model Manager and
will be made by the systems analyst.

Maintenance Personnel

Training Device Technician - Same as for Training/Systems Analysts

except that his identification code will preclude him from making
software program changes.

[t is an objective of the functional design of the LSOTS to enable the
Off-Line mode to be executed as a background program concurrently with the
normal execution of LSOTS training. The practicality of this objective is
dependent on the computing capacity of the hardware chosen for the LSOTS
implementation.
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“ SECTION A-III - SYSTEM DESIGN

A3.1 INTRODUCTION

The LSO Instructor Model will be designed according to the following
system concepts:

(1) Modular organization of "training unique" functional software.

(2) Suitable for implementation on any current, commercially available
computing hardware and peripheral equipment.

(3) Compatible interface with ship's LSO platform controls and
displays.

(4) Compatible interface with a production visual scene system used
for the display of approaching and landing aircraft.

The system organization is depicted in Figure A-III-1. The executive
program, called the Training System Executive (TSE), provides the
communications between the host computer operating program and the various
major system elements which comprise the LSOTS. These will be called:

LYy Instructor Model
Human Instructor Interface
Trainee Interface
Voice System
Pilot/Aircraft Model

The Pilot/Aircraft Model has been developed under a separate contract and
is documented in Technical Report NAVTRAEQUIPCEN 80-C-0063-1 "Pilot
Behavior Models for LSO Training Systems," by Hooks and McMurry (1981).
That report is cited often in this section to ensure the design continuity
of the LSOTS.

The software program modules used in the system organization are shown
diagramatically in Figure I1I-2 and are identified as follows:

Curriculum Control
Performance Measurement and Evaluation Unit
Training Development Module

Trainee Interface
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TRAINING SYSTEM

HOST

COMPUTER

OPERATING
PROGRAM

EXECUTIVE

Figure A III-1. Overall LSOTS Major System Element
Relationships
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Human Instructor Interface
Speech Recognition Subsystem
Speech Generating Subsystem

& Training System Executive

These major program modules will be supported by long term data files
which will be identified as follows:

“ : Curriculum

£ Trainee Records

F Performance Criteria

; Speech Recognition Reference Data
Trainee Knowledge Data Base

Temporary data files 111 be established for each training session as
follows: :

v
3 o Aircraft approach profile information for subsequent playback.
o Communications from the trainee to the approaching pilot(s).

0 Recovery management communications from the trainee to operational
h personnel.

0 LSOTS-generated speech to the trainee and/or instructors.

{ o Approach descriptions by the trainee.

Note that the training development module and trainee knowledge data
base will be designed into the basic system to gain knowledge of the
trainee and instructor behavior while the LSOTS is in use.

A3.2 MAJOR PROGRAM MODULE DESIGN FEATURES

Curriculum Control (CC)

The CC will make decisions to determine the next instructional unit

that should be presented to the trainee. The decisions will be based on
the following information:
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E 0 Previous position of the trainee in the curriculum
0 Human instructor inputs and recommendations

o Trainee's past performance on the LSOTS

o Experience level of LSO trainee

o Trainee model inferences about the state of knowledge of the
trainee (initially for recording purposes only)

—

A flow diagram for the CC is shown in Figure A I[I-3. [t functions in
1 the foreground between the select training and warm-up/review sub-modes.

The primary purpose of the CC is to provide the LSOTS with automated
adaptive syllabus logic. The CC takes information from the performance
records and makes decisions about what information, instruction, or
practice problems should be given to the trainee.

The initial CC program will be predicated on a linear (as opposed to a
branching) curriculum as determined by the training analyst. The
CC will index the trainee into the curriculum such that the difficulty
level of training will be progressively increased as the trainee continues
through the LSO course.

The CC also will be designed to accept a second version of program
software which will adapt the sequence and difficulty of the instructional
units contained in curriculum so that the trainee may proceed at his own
pace. This updated self o!ganizing program will be predicated on the
collection of data about the progress of initial students exposed to the
LSOTS.

The CC basic design also will provide for a third version of program
software which will include estimates of cognitive resource allocation to
assist in determining: 1) when a trainee is ready to continue through the
curriculum and/or; 2) to be exposed to additional variables or levels of
variables which increase task difficulty.

The purpose of designing the CC to accommodate different software
configurations is directed at optimizing its design based on the R&D
functions allocated to the trainee model. The development scheme is shown
in Figure A III-4 and discussed further under "Training Development Model."

Irrespective of the progressive development of CC software, note that
when the CC has selected a specific instructional wunit, it can be
overridden by the instructor and/or trainee by selecting another
instructional unit number.
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Common to all three versions of software is the scenario code which is
'l used by the pilot/aircraft model to generate the visual simulation and
] associated sound effects. The instructional unit is transferred from the
CC to the pilot/aircraft model by the training system executive (TSE).
Furthermore, note that in Figure A-III-3 trainee and curriculum file
information is transferred from the respective long term data bases into
the CC by the TSE.

t! Performance Measurement and Evaluation Unit (PME)

The PME unit will measure, evaluate and provide diagnostic information
about the trainee's performance in the following areas:

0 LSO calls relative to the aircraft approach positions and rates.

0 Post-approach grade and approach description relative to the
aircraft approach positions and rates.

0 Recovery information, i.e., boarding rate, bolter rate, accident
rate, wire frequencies, line-up and sink rate at touchdown.

o MOVLAS positioning.

0 Recovery management decisions and responses to equipment
mal functions.

o Diagnosis of trends of strengths and weaknesses of trainee's
performance.

Measurement information will be gathered on continuous and discrete
event variables shown in Table A-III-1. This information will be time
logged and temporarily stored during each approach for subsequent
processing between approaches and after each recovery.

Waving performance evaluation after each approach or recovery will be
predicated on a quantative model of the LSO waving calls, a sample of which
is shown in Figure A-III-5. The waving mode! described in McCauley and
Borden (in press) is a starting point for automated measurement of waving
criteria. However, it was developed for the A-7 aircraft, and must be
expanded to account for LSO strategies and techniques appropriate to other

. fleet aircraft. Additionally, some of the timing parameters of the model
must be developed, such as the optimum time to wait (under different
circumstances) after giving a call in order to determine whether a
sufficient pilot correction has been initiated. Finally, preliminary data
from experienced LSOs will be required to specify an exhaustive set of
waveoff criteria.

Measurement and evaluation of the LSO trainee's approach description

in the LSOTS will require that a standardized set of descriptors be defined
as the criteria. Decisions about rthe acceptability of alternative
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TABLE A III-1. CANDIDATE VARIABLES FOR LSOTS PERFORMANCE
MEASUREMENT AND EVALUATION SYSTEM

LSO ACTIONS

Waving Calls

Approach Description and Grade
Wave-off

MOVLAS Positioning

Recovery Management Decisions

(examples: rig barricade
rig MOVLAS
target 2-wire
check ship's trim)

APPROACH DYNAMICS

Aircraft X, Y, Z Velocities and Position on Approach
Aircraft Roll, Pitch, Heading, AOA Rates and Angles

Power Setting (Fuel Flow)
APPROACH TERMINATION

Calculated Minimum Wave-off Point
Hook Touch Down Point (X,Y)
Wave-off

Bolter

Accident

RECOVERY DATA

Carrier Type

Type of Operation

Number of Aircraft to be Recovered
Aircraft Type

Side Numbers

Pilot Identification

Fuel Remaining

Plane Guard Available

Availability of In Flight Refuelling
Availability of Divert Field
Unusual Conditions of Pilot/Crew
Status of Deck (Clear/Foul)

Restricted Communications (EMCON/ZIPLIP)

Wires Missing

(Cont.)
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TABLE A III-1. CANDIDATE VARIABLES FOR LSOTS _
PERFORMANCE MEASUREMENT AND (continued)

‘ EVALUATION SYSTEM

ENVIRONMENTAL

Wind Direction

_ Wind Speed

t! Deck Motion
Ship Trim

. Ship Turn

. Visibility

Horizon

: Ceiling

1 Ambient Light

. Burble

Approaching Aircraft Noise

AIRCRAFT EQUIPMENT STATUS

Position of Gear, Hook and Flaps
Radio Frequency Tuned

Light Configuration
Malfunction/Failures

APC or Manual

Direct Lift Control Operating

SHIPS EQUIPMENT AVAILABILITY

ACLS

FLOLS

MOVLAS

SPN 42

SPN 44

PLAT

LSO HUD

WoD

Class
Hook-To-Ramp Indicator
Deck Lighting
Arresting Gear
Barricade

NOTE

A11 variables used in the LSOTS Simulation are candidate variables

for performance measurement. See Appendix D, Table D-2, and Hooks
and McMurray (In Press) Tables E-9 through E-11.
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Figure A III-5. Climb Procedure for LSO Wavining Model
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